Abstract. This paper demonstrates the outcome of experimental studies on thermoelectric characteristics of thermocouples. Measurements were carried out using different types of thermocouples; each studied alone then investigated when they are connected in parallel, in order to simulate the imperfect nature of the various multi-contact surface of the tested object. The investigated types were Chromel-Alumel and Nichrome-Constantan. The thermoelectric characteristics were measured at the temperature range 160° -400° Celsius, in order to identify the best operating temperature for the hot electrode. Furthermore, the load resistance is another important factor that has been investigated and therefore varied from 1Ω to 10kΩ, in order to determine its effect on the electrical characteristics of thermocouples. Accordingly, these characteristics will help defining the requirements for an optimum thermoelectric testing.
Introduction
The thermoelectric testing method is widely used in non-destructive testing of metals and alloys [1] [2] [3] . However, unreliable results are often obtained due to the heterogeneity and roughness of the surface, which correspondingly leads to a multipoint contact [4, 5] . The impact of the surface quality has been investigated and the results are presented later in this paper. Multipoint contact results in equivalent circuits of parallel connection of several thermocouples that have different characteristics, due to local fluctuations of the chemical composition of the metal or alloy [6, 7] .
In order to take into account the impact of the resulted thermocouples on the inspection results, it is necessary to study their characteristics. According to the carried out literature reviews, the study of thermocouples' characteristics has not been conducted until today. Taking account of these characteristics and the degree of influence of the above factors will significantly improve the technical characteristics of the thermoelectric inspection devices.
Experimental investigation
In this study, the characteristics of different parallel thermocouples has been investigated in the range of 160°C -400°C. Characteristics of the thermocouples, Chromel-Alumel and Nichrome-Constantan have been investigated, when each is alone and when both are connected in parallel.
A block diagram of the experimental setup is shown in Figure 1 The thermocouple is presented in the schematic diagram of the experimental setup, which is shown in Figure 1 (b), as a voltage source E with an internal resistance r. The thermocouples Nichrome-Constantan and Chromel-Alumel were alternately put in a heat chamber at a varied temperature from 160°C to 400°C. The voltage drop across the load resistance R L was carefully measured.
Measurements were performed in single and parallel connections of thermocouples, along with the load resistance R L . Calculations of the thermoelectric power, the internal resistance r, the flowing current in the circuit I, and the maximum electric power P, were all carried out later according to the formulas shown below.
Calculation of the thermocouple internal resistance, r
According to the second Kirchhoff's law [8] , the value of EMF in the circuit is equal to the sum of the voltage drops across the resistors. This means:
where E is the thermoelectric power, V r is the voltage drop across the internal resistance r, V L is the load voltage, R L is the load resistance and I is the current flowing across R L . By manipulating expression (1), we obtain:
However, E is considered maximum under the condition of open-circuit test:
where E max is the maximum measured thermoelectric power obtained and V OC is opencircuit voltage load. The results of the voltage measured across the load, with each temperature condition, are presented in Figure 2 as it shows the investigated characteristics of Chromel-Alumel, Nichrome-Constantan and the case for their connection together in parallel.
As shown in the graphs, as the load resistance increases R L , the load voltage V L also increases, until it approaches the maximum value of thermoelectric power, at which the open-circuit test is carried out. Upon the increase in temperature, the value of V L increases as well, due to the increase of thermoelectric power, which is proportional to temperature.
The characteristics of the calculated thermocouple internal resistance have been also investigated and it was found out that as the load resistance increases, the value of the internal resistance increases proportionally. Moreover, it has been observed that the internal resistance, in case of parallel connection of thermocouples, is an equivalent average value of both internal resistance curves of each single thermocouple when investigated alone.
Calculation of the electric power of thermocouples, P and P max
Power is determined by the expression [9] :
where P stands for power. From Figure 1 (b) we find the current in the circuit:
By substituting the values from formula (4) into formula (5), we have:
To find the global maximum point, we take the derivative of P with respect to R L
After the unification of the general terms we get:
E is never be equal to 0 and r can never be negative. This means the only left solution is: 
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This means the absolute maximum value of P is always at ‫ݎ‬ = ܴ . And as shown in Figure 3 , the experimental results are confirmed by the calculations presented above. The maximum electric power is consistently observed when ‫ݎ‬ = ܴ . 
Conclusions
Within this article, an investigation of the electrical characteristics of two thermocouples in parallel connection was conducted, in order to simulate and study the effect of multi-point contact between the sensing thermocouple electrodes and the inspected sample in thermoelectric inspection devices. It has become clear from the conducted research that thermocouples, when connected in parallel, values of the internal resistance, electric power and thermoelectric power, are steadily equivalent to the resulted average values from thermocouples Chromel-Alumel and Nichrome-Constantan when each connected alone.
It has also been found experimentally that the most optimal load resistance for thermocouples is 1kΩ. This resistance satisfies the condition ‫ݎ‬ = ܴ , and consequently when thermocouple electric power is greatest. The choice of this load resistance would improve the accuracy of measurement of the thermoelectric inspection devices. 
